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Description 

BACKGROUND AND SUMMARY OF THE INVEN- 
TION 

The present invention relates to an improve- 
ment in an optica! fiber system for transmitting a 
laser beem. 

Recently, power transmitting optical fibers have 
become widely used in industry, medicine and the 
like. The term "power" includes high laser power. 
Typical lasers include cerbon dioxide lasers, YAG 
lasers, Ar lasers and the like. YAG lasers, Ar lasers 
and the like, con transmit through a quartz glass 
fiber. However, light from a carbon dioxide laser 
can not be transmitted through a quarts fiber be- 
cause Of its long wave length. Although it can be 
transmitted by means of a mirror, the structure of 
articulation is so complicated to make use difficult. 
However, crystalline fibers of silver halide, thallium 
halioe. and alkali halide can transmit the light of the 
carbon dioxide laser. 

Advantages in light power transmission by 
means of optical fibers are such that light can be 
conducted into even a narrow space and along a 
complicated path having many Dent portions to 
irradiate any object This is because an optical 
fiber has superior characteristics such as small 
diameter, flexibility and so on. 

Although one end of the optical fiber is con- 
nected with a laser source, the other end is often 
exposed because it is necessary to emit a laser 
beam therefrom toward an object to be irradiated 
with the laser beam. However, the end from which 
the laser beam is emitted {hereinafter simply re- 
ferred to as "a light-emitting end"), is often in- 
serted into a narrow space, into a space having 
many bent portions, or into a space filled with a 
liquid or a solid, so that the light-emitting end is apt 
to be damaged. Foreign matter, such as dust, 
drops of water, blood, or the like, may adhere on 
the light-emitting end of an optical fiber used for 
power-tran3mitting a leser beam, depending on tho 
environment in which the optical fiber is used- 

rf a laser beam is passed through an optical 
fiber with foreign matter adhered on its light-emit- 
ting end, the foreign matter is heated by the laser 
beam and sometimes burnt and stuck on the end 
surface of the optical fiber. If this happens, trans- 
mission deteriorates, and the temperature sharply 
rises as the laser beam energy is absorbed by tne 
foreign matter, damaging the light-emitting end of 
the optical Tiber. 

A similar type of problem of preventing the 
light-emitting end of a laser probe from being 
damaged is described in WO85/05263. This docu- 
ment presented a solution to this problem by pro- 
viding a forward end protectino cover at the fibre 



tip of the laser probe and also additionally provid- 
ing a gas discharge means for cooling and expel- 
ling any foreign matter from the end of the laser 
probe. However, this prior art has only to be taken 
6 into consideration with respect to Article 54 (3) 
EPC. 

In the industrial field of laser beam working 
machines as is, for example, described In US-A- 
4010345 then conventionally a gas delivery means 
io for providing a flow of gas is employed in order to 
keep clean the workpiece which is being cut by the 
beam of laser radiation. 

On tho other hand, in other types of light 
transmitting apparatuses, conventionally, an 
15 opening^closing cover has been provided at the 
light-omitting end of -an optical fibre to prevent 
©uch nccidonts. The cover is opened only when a 
laser beam is emitted and closed when no laser 
beam is being emitted. Thus, the light-emitting end 
20 of the optical fibre »3 protected by tho cover when 
no laser beam is emitted. However, the loser beam 
per se has no power to prevent duet, blood, drops 
of water, or the like, from adhering onto the light- 
emitting end. When the light-emitting end of the 
25 optical fibre is put in an environment containing 
liquid, such as water drops, blood, or the like, the 
liquid may adhere to the light-emitting end when 
the protecting cover is opened during emission. 
This deteriorates tne transmittivity at the end sur- 
so face to extremely reduce tne treating capability of 
the laser beam- 
Further, the HQht-emrnlnrj end may be some- 
times broken because the eno surface Is sharply 
heated. There are two kinds of opening/closing 
as mechanisms, one being of the type provided at the 
forward end of an optical fiber and the other being 
of the type provided in the back of an optical fiber 
and controlled remotely. 

An opening/closing mechanism at the forward 
40 end of an optical fiber is provided with a motor, a 
reduction gear, gearing, and so on, attached at that 
end to open and close the cover by the forward 
and backward rotation of the motor. In such a cover 
opening/closing mechanism, it is necessary to at- 
<*5 toch a motor, a reduction gear, a gearing, and so 
on. at a light-emitting end of an optical fiber, so 
that the end of the optical fiber becomes bulky, 
loses flexibility and become3 heavy. Moreover, ft is 
necessary to incorporate electrical conductive lead 
so wires in the optical fiber as a power feeder and a 
signal line for the motor, so that the structuro of tho 
optical fiber becomes complicated. 

Thus, if a' prime mover is attached at the light- 
emitting end. the light-emitting end becomes heavy 
55 and bulky. Therefore a mechanism has been pro- 
posed to remotely operate the cover. In this 
mechanism, a motor, a reducti n gear, and the like 
are provided 'not at the light-emitting end of an 
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optical fiber but in the vicinity of the light source. A 
cover opening/closing portion urged in one direc- 
tion by a spring and pulled in the revere© direction 
by a wire is provided at the forward end of the 
optical tiber. The motor, or the like, and the cover 
opening/closing portion at the forward end of the 
optical Tiber are connected with each other by a 
wire extending, along the optical fiber. . 

Thus, the mechanical structure provided at the 
light-emitting end of tne optical fiber is reduced in 
size as wen as In weight ana becomes easier to 
use. The wire, nowever P must be provided along 
the fiber, so that the structure of the optical fiber 
becomes complicated. Also the flexibility at the 
intermediate portion of the optical Tiber is reduced. 

it is therefore an object of the present invention 
to provide a high laser power transmission optical 
fiber arranged to prevent foreign matter from ad- 
hering to and burning on the light-emitting end of 
the optical fiber. 

It is another object of the present invention to 
provide a power transmission optical fiber with a 
cover opening/closing mechanism which has few 
mechanical parts so as to make failures few. 

It is a further object to provide a power trans- 
mission optical fiber with a cover opening/closing 
mechanism at the light-emitting end of the optical 
fiber and arranged so as not to make the light- 
emitting end of the optical fiber heavy and bulky 
and so as not to make the structure of the optical 
fiber complicated, so that the flexibility of the op- 
tical fiber is not lost and that the operation is 
improved because the light-emitting end of the 
optical fiber is small in si2e as well as light in 
weight. 

In the optical fiber according to the present 
invention, an openable/closable protecting cover is 
provided at the light-emitting end of the optical 
rioer. whereby the cover provided at the light- 
emitting end is made of a shape memory alloy so 
as to open and close in response to laser beam 
power per se. 

The cover is made of such a shape memory 
alloy so as to store such a shape that the cover 
closes at a low temperature and opens at a high 
temperature. 

The shape memory alloy can be transformed 
by the power thereof into a previously stored shape 
if the temperature is changed. The laser beam per 
so is used to change the temperature. 

Upon being driven, a laser beam is emitted 
from tho light-emitting end of the optical fibre and 
impinges onto an Inner surface of the cover made 
of tho shape memory alloy. Because the laser 
beam has large power, the temperature at the 
cover is raised. Storing a shape to open at a high 
temperature, the cover is opened as the tempera- 
ture is raised. 



When the laser beam is no longer emftted from 
the light-emitting end of the optical fibre the tem- 
perature at the eover is lowered, and the cover is 
closed. The temperature at the cover is low r d 

6 fairly rapidly as heat is lost due to radiation, con- 
duction, and convection- Thus, the cover can be 
closed in a relatively short -time after the laser 
beam has been extinguished. 

In a preferred embodiment! a blower is pro- 

10 vided at the light source end of the optical fibre to 
feed a gas to tho light-omitting end along the 
optical fibre to remove liquid from the vicinity of 
the light-emitting end to thereby protect the light- 
emitting end. In a further preferred embodiment, a 

76 pas pressure sensor is provided to monitor the 
pressure of the gas in the vicinity of the light- 
emitting end. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Referring to the drawings, tne optical fiber ac- 
cording to tne present invention will be described 
hereunder. 

Fig. 1 is a diagram showing The whole arrange- 
25 ment of the optical fiber according to the preferred 
embodiment of the present invention. 

. Fig. 2 is an enlarged cross-section showing a 
portion in the vicinity of a light-emitting end. 

Fig. 3 is a cross-section showing the structure 
so of the light-emitting end of the optical fiber accord- 
ing to the present invention, in which the cover is in 
the closed state. 

Fig. 4 is an enlarged front view of the light- 
emitting end. 

33 Fig. 5 is a cross-section showing the structure 

of the light-emitting end of the optical fiber, in 
which the cover ia in the open state. 

Fig. 7 is a front view of the light-emitting and 
opening/closing cover constituted by eight division- 

40 al members. 

Fig. B is a longitudinal cross-section showing 
the state in which the forward end portion of the 
optical Tiber is inserted into a thin pipe and is 
emitting a laser beam, 

DETAILED DESCRIPTION OF THE DRAWINGS 

Optical conductor 1 is a member provided in 
the center of the optical fiber for conducting a laser 

go beam. As described above, the optical conductor 
has a small diameter and sufficient flexibility to be 
bent as desired. In the cas<£ of a carbon dioxide 
laser, crystal fibers of silver halide, thallium halide, 
and a!k li halide are used. In th case f a YAG 

sg and an Ar lasers quartz glass fibers are employed. 
The material is selected based on the wavelength 
of the laser. The whol of the optical conductor 1 is 
covered with a protecting inner layer 2 which Is 
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made OT flexible synthetic resin. An 
openable/closable forward end protecting cover 3 is 
provided at the light-emitting nd S oF optical con- 
ductor!. 

The whole ot The protecting inner byor 2 is 
surrounded by a protecting outer layer 4 such that 
a space is provided between the inner and outer 
layers so as riot to lose flexibility. According to the 
present invention, gas pumped or sucked through 
the space and therefore the space is hereinafter 
referrgd to as ventilation path 8. 

The other end of the optical fiber is connected 
with a laser source 5 which may be a carbon 
dioxide laser, a YAG laser, an Ar laser, or the like. 
The end of the optical fiber near the light source is 
referred to as a light source end T. According to 
the present invention, a blower 6 or gas 
feeder/suction means and a gas pressure sensor 7 
are provided in the vicinity of the light source end 
T of the optical fiber. Pressure in the optical fiber is 
monitored by the sensor 7. The gas feeder/suction 
means 6 supplies gas to the end portion of the 
optical fiber, or sucks the gas if gas pressure 
exceeds predetermined value. 

Various structures have been proposed tor 
opening/closing the forward end protecting cover. 
In ono ot the proposed mechanisms of the type in 
which the cap is mechanically opened/closed, a 
motor ao a driving source is provided in the vicinity 
of the light-emitting end of the optical fiber. Lead 
wires are parsed through the protecting outer lay- 
er. There Is another mechanism in which a motor is 
provided at the light source end of the optical fiber 
and the forward end protecting cover is 
opened/closed by e wire. The wire i3 passed 
through the protecting outer layer of the optical 
fiber. There is a third mechanism in which the 
forward end protecting cover is opened/closed by 
hydraulic or pneumatic pressure. A transmission 
line Tor the pressure liquid or gas is made by 
inserting a tube within the protecting outer layer. 

In the present invention, however, a shape 
memory alloy is used as a mechanical forward end 
protecting cover. 

The gas Teeoer/suction means 6 and the pro- 
tecting outer layer 4 are connected with each other 
through a connecting tube 16. Tne gas pressure 
sensor 7 and the connecting tube 1 6 are connected 
with each other through a connecting tube 17. As 
shown in Figure 2, the forward end protecting cov- 
er 3 is constituted by a boss portion 14 and an 
opening/closing cap portion 15. Ventilation holes 9 
are provided so as to axial ly pass through the boss 
portion 14. The ventilation holes 9 open into a 
space surrounded by the forward end protecting 
cover 3 to communicate with the ventilation path 8 
surrounded by the protecting outer layer 4. 



Shape memory alloy is on alloy having enap©- 
restoring tore on tne basis of therm oclastic mar- 
tensitic transformation and reverse transformation. 
Here, a closed state at a low temperature end an 
s opened state at a high temperature are stored. 
Alloys of Ni-Ti. Cu-Sn, Cu-Zn, Cu-At. and the like, 
can be used as a shape memory alloy. Each of 
those alloys has a stable shape which is deter- 
mined depending on a temperature and can store a 
jo shepe at a temperature equal to" or lower than a 
predetermined value as well as another shape at a 
temperature equal to or higher than a predeter- 
mined value, so that the alloy can be changed in 
its shape by being healed/cooled, 
70 For example. Ni-Ti alloy consists of Ni of 50- 

60% by weight and Ti of 40-50% by weight. The 
alloy has restoring force on the basis of ther- 
moelastic marten sitic transformation and reverse 
transformation to thereby change the shape, 
so The temperature at which the shape trans- 

formation occurs, that is, the transformation tem- 
perature, can be adjusted by selecting the com- 
pounding ratio of the alloy. Although the Ni-Ti alloy 
Is representative, an alloy in which Ni or Ti is 
25 partially substituted by Al. Cu, V, Zr, Cr, Mo, Fc, 
Co, or the like, may be used. 

The light-emitting end opening/closing cover 3 
is made or metal and preferably has such a shape 
that two divisional members are combined with 
30 each other as shown in Fig. 3 and Fig. 4. The 
cover 3 is provided at its root with a cylindrical 
attaching portion 1 8 tor fixing the cover 3 between 
the inner and outer layers of the optical fiber. The 
inner diameter of the attaching cylindrical portion 
as 1 e is mad© to agree with the outer diameter ot the 
protecting inner layer 2. The cover 3 has an inter- 
mediate cylindrical portion 19 In front of the attach- 
ing cylindrical portion 13 and an opening/closing 
cap portion 20 covering the front end of the optical 
40 fiber 1 in front of the intermediate cylindrical por- 
tion 19. The cap 3 is constituted by the two di- 
visional members. A dividing line 21 appears on 
the front surface oF the opening/closing cap portion 
20. 

4a The lighfremitting end opening/'closing cover 3 

has an inner space 22 encircled by the intermedi- 
ate cylindrical portion 19 and the opening/closing 
portion 20 thereof. In the drawing, the optical con- 
ductor 1 Is projected a little into the inner apace 22. 

so However, the degree of projection of the conductor 
1 Is selective and there is no obstacle even if the 
respective tront end surfaces of the protecting in- 
ner layer 2 and the optical conductor i are made 
even. 

55 When a laser beam is emitted from the light- 

emitting end. the laser beam 5 impinges onto the 
back surface of tne light-emitting end 
opening/closing cover 3. The laser beam has con- 
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siderabl© power. A part of the laser oeam is re- 
flected and the remainder absorbed by the back 
surface of the cover 3- The absorbed light sharply 
raises the temperature of the light-emitting end 
opening/closing cover. Therefore. tne 
opening/closing cap portion 20 Is opened at tne 
dividing line 21. Rg. 5 shows the opened state. 

If the rate of the reflected light is largo, the 
respective end portions of the optical conductor 1 
and the protecting inner layer 2 may be damaged 
by the heat Accordingly, it is preferable to reduce 
the reflection factor on the back surface of the 
opening/closing cap portion 20. For this reason, the 
back surface of the opening/closing portion 20 is 
preterably colored black or made rough- 
in this embodiment, cover 3 is constituted by 
two divisional members. This is possible when the 
cover is very thin. Even in such a shape memory 
alloy, it Is Impossible to easily change the thick- 
ness thereof, so that a distance between any two 
points is substantially maintained before and after 
transformation owing to heat A shape memory 
alloy is not capable ot expansion and contraction. 

Thus it is advantageous to divide the 
opening/closing cap portion 20 into three to eight 
members. If the cap portion 20 is divided into eight 
members, eight dividing lines are rormed and the 
contra! angle of each divisional member is 45 de- 
grees. The opening/closing cap portion 20 con- 
stituted by the collection of the thus finely divided 
members can be smoothly opened/dosed wltnout 
requiring any circumferential elasticity. 

It Is possible to increase the number of the 
divisional members, for example, to divide the cap 
portion 20 into 9 to 20 members. In this case, 
sharp divisional members stand outwardly side by 
side in the opened state of the cap portion, so that 
there 13 a danger that the divisional members may 
injure circumferential portions when they touch the 
latter. For example, if the outer layer 2 is extended 
to cover the respective forward ends of the di~ 
visional members of the cover portion in the 
opened state of the cap portion as shown in Figure 
6. the divisional members can be prevented from 
injuring tne circumferential portions. 

The opened state of the cap portion is main- 
tained as long as a laser beam is emitted, because 
the laser beam continues to neat the cover, if the 
cover has been opened, tne cover Is little irradiated 
with the light so that the cover begins to cool. IT tne 
temperature of the cover is lowered to a value 
equal to or lower than the transformation tempera- 
ture, the cover is closed. 

When the light hits directly again on the thus 
closed cover, the cover is reopened. This oscillat- 
ing phenomenon is undesirable. 

Accordingly, it is desirable to arrange that a 
part of the light impinges on a part of the divisional 



members of the cover even in the opened state of 
the cap portion. The heat generated in the part of 
the divisional members of the cover is immediately 
transmitted all over the cover to keep the tempera- 
5 ture at a value equal to or higher than the trans- 
formation temperature. 

Although it is desirable to use Ar or N 2 gas as 
the gas to be fed from the blower into the inside of 
the optical fiber, air may be used according to 
70 circumstances. The humidity of the blow gas must 
be sufficiently low. The relative humidity must be 
equal to or lower than 40% and most preferably 
0%. If a gas having high humidity is fed, water is 
condensed in the vicinity of the light-emitting end 
16 of the optical fiber. In the case of an optical fiber 
for transmitting a laser beam of a large power, a 
part of the laser beam is absorbed into the water 
• drops to raise the temperature thereat. Therefore, 
damage may result at the output terminal of the 
20 optical fiber. Accordingly, low humidity is desired 
to prevent such accidents. 

The pressure of the gas to be fed by the 
blower is sufficient if it can remove a liquid or the 
like at the light-emitting end. High pressure is un- 
za desirable because the quantity of the gas coming 
out of the light-emitting end to the outside in- 
creases. Accordingly, it is preferable to select as 
the pressure a value as low as possible within a 
range where the liquid or the like can be removed, 
ao Depending on the pressure loss in the ventilation 
path of the optical fiber, the pressure ic preferably 
selected to a value equal to or less than 2 Kg/cm 2 
when it is monitored by a gas pressure 3ensor 7 at 
the light source end. The pressure is preferably 
as selected to be 1.01-1,2 Kg/cm 2 . 

When the laser source 5 is turned off, no laser 
beam is generated. The protecting cover 3 at the 
forward end of the optical fiber closes. The blower 
6 is driven. Although the pressure in the ventilation 
40 path 8 inside tine protecting outer layer 4 rises, the 
protecting cover 3 is in the closed state so that the 
gas does not come out from the light-emitting end 
to the outside. This state Is shown in Figs. 2 and 3. 
Assume now that the laser source 5 is driven, 
-ts The laser beam enters the optical conductor i 
through the light source end T thereof and passes 
therethrough. The light coming out of the light- 
emitting end impinges on the back surface of th9 
opening/closing cop portion 15 of the forward end 
59 protecting cover 3. 

The opening/closing cap portion 15 is heated. 
Storing a shape so as to open at a high tempera- 
ture, the cap pert! on 1 5 soon opens. After that, the 
laser beam goes straight ahead to impinge onto an 
55 object to be irradiated located in front of the fiber 
light-emitting end. At the same time, tho gas fed 
from the ai; flow hole is pumped forward. In tho 
case Where the fiber light-emitting end is ©wrround- 
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ed by a liquid or fluid body of high viscosity, the 
gas prevents the liquid or a solid body from ap- 
proaching the nber light-ernixting end. 

Figure 8 illustrates a further embodiment in 
which the lorwara end of the optical fiber is in- 
serted into a thin pipe filled with a liquid 24 or the 
like and a laser beam is irradiated onto workpiece 
12 from the light-emitting end- 

Although the boundary surface 25 between Ted 
gas 10 and the liquid 24 is illustrated to be spheri- 
cal, it may take any of various shapes In practical 
cases and the shape per se is unstable. IT the 
viscosity of the liquid 20 is made higher, the 
boundary surface 25 becomes more stable. 

The fact that the forward end protecting cover 
3 ie opened can be detected by a gas pressure 
sensor 7. A sharp reduction In the gas pressure P 
indicates that the forward end protecting cover 3 
has been opened. 

Upon completion of working, the laser source 5 
is turned off. Tho generation of the laser beam is 
stopped. The forward end protecting cover is re- 
duced in temperature to thereby return to the origi- 
nal closed state. During this operation, the gas is 
fed continuously from tho gas feeder/suction 
means 6. The circumferential liquid or the like is 
prevented by pumping of the gas from entering the 
forward end of the optical conductor 1 . The forward 
end of the optical conductor 1 is thus kept cloan. 

Closing of the forward end protecting cover 3 
is detected by the immediate increase of the pres- 
sure at the gas pressure sensor 7. In this example, 
the opening/closing cap portion 15 of the forward 
end protecting cover 3 is divided into two mem- 
bers. In the case wnere it is difficult to open/close 
the shape memory alloy with two members, the 
cap portion 15 may be divided into 3 to 10 mem- 
bers. 

After termination of working by the laser beam, 
further supply of unnecessary gas can be stopped 
so that the laser beam can be safely used without 
unnecessary gas being pumped into the body of 
the apparatus. 

The optical fiber can be used for: 

(1) Laser beam working machines in the indus- 
trial field (laser cutting, heat-treating, welding); 
and 

(2) Laser treating medical machines (laser sur- 
gical knife, laser coagulator). Particularly, the 
optical fiber can be suitably used where a min- 
iaturized thin optical fiber is required. 

Example I 

A quartz glass fiber provided with a core as an 
optical conductor having a diameter of 500 urn was 
used. 



A YAG laser having a wave length of 1 .06 um 
and an Ar laser having wave length ot 0.56 lim can 
be used as a laser source for a quartz glass fiber. 
Here, a YAG laser having an output of 100 W was 

s used ae a light source. 

The forward end protecting cover was made of 
a 3hapc memory alloy consisting, of Ni of 50-80% 
by weight and Ti of 40-50% by weight. The cover 
was to store a closed state at a low temperature 

to and an opened state at a high temperature- 
It is preferable not to make the back surface of 
the cover a mirror surface. In the case of the mirror 
surface, the fiber end was injured by the reflected 
light even in the case in which the output of the 

t6 laser beam was 10 VY (the output of the light 
source.) 

Next, the Dack surface of the cover was made 
rough. The roughness was selected to be « 
10 u. FCaoc is the maximum value of the convex- 
20 concave of the surrace. Then, the output end of the 
optical fiber was not injured by the light reflected 
by the cover even when a laser beam naving an 
output of 100 W was used. 

When the laser beam was emitted, the cover 
se was opened by heat, and when the laser beam was 
stopped T the cover returned again to the closed 
state. 

As shown in Fig. 10, the forward end of the 
optical fiber was inserted into a thin pipe filled with 
ao a sticky liquid. As the gas to be fed, air having 
relative humidity not higher than 40% was used. 

In the thus arranged apparatus, the YAG laser 
was driven. The forward end protecting cover made 
of the shape memory alloy was opened by the 
as laser beam. 

The pressure of the fed gas was 1.01-1.2 
kg/cm a . 

A gaseous space in which the laser beam was 
little absorbed was formed in front of the light- 
40 emitting end of the optical fiber by the fed gas. The 
workpiece was worked by the laser beam. The 
optical fiber then drawn out. When the light-emit- 
ting end of the optical fiber was investigated, there 
was no marks to which a liquid was adhered. 

a$ 

Example ll 

A silver halide fiber provided with a core as an 
optical conductor having a diameter of "1000 am 
£0 was used. 

A carbon dioxide laser having an output of 50 
W and a wave length of 10.6 um was used as the 
laser beam source. 

As the optical fiber, ft is possible to use any 
ss other infrared optical fibers, optical fibers of thal- 
lium halide such as KRS-5, and optical fibers of 
alkali metal halide such as cesium bromide. 
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As shown in Figs, 2 and 4. the forward end 
protecting cover was made of a shape memory 
alloy and arranged to have an opening/ciosing cap 
portion constituted by two divisional members. 

As The shape memory alloy, a Ni-TI alloy was 
used. 

Also in this case, th© inner surface of the cover 
was made rough- In the case where the inner 
surface was a mirror surface, the forward end of 
the optical fiber was injured even if the laser power 
was tow. 

Dry air having humidity not higher than 40% 
came from The blower. 

There was a plug made of plastic and the 
forward end of tne optical Tiber was inserted into a 
thin pipe filled witn water, as shown in Fig. 8. 

The opening/dosing cap portion of the protect- 
ing cover could be opened owing to the irradiation 
by the Isaser beam. A space in wnich a liquid had 
been removed could be maintained in the thin pipe 
by air. A work could be worked by irradiating with 
the laser beam- At that time, the pressure of the 
gas was 1.01-1.2 leg/cm 2 . 

Claims 

1. A light transmission apparatus comprising: 

an optical fibre (i) having a light receiving end 
and a light emitting end; and including a for- 
ward end protecting cover (3) 
opcnably/closably provided at said light emit- 
ting end, characterised in that said cover is 
formed of a shape memory alloy storing a 
shape so as to open at a high temperature and 
close at a low temperature produced respec- 
tively in response to incidence of light and 
stopping of incidence light 

2. An apparatus as claimed in' claim 1 further 
comprising means (6) for supplying gas- to said 
fibre so that gas is fed to said light emitting 
end to remove matter from the vicinity thereof. 

3. An apparatus as in claim 1 wherein the back 
surface of said cover is made rough. 

4. An apparatus as in claim i wherein the back 
surface of said cover is painted black. 

5. An apparatus as in claim 1 wherein saia cover 
is formed in at least two portions. 



ting end of eaid fibre when said cover is open. 

8. An apparatus as in claim 1 further including a 
laser (5) for supplying said light to said fibre. 

5 a 

9. An apparatus as in cleim 1 wherein said fibre 

Includes a quartz fibre. 

10. An apparatus as in claim .1 wherein said fibre 
io includes a crystalline fibre selected from the 

group consisting 0T silver halide, thallium ha- 
lide and alkali halide. 

11. An apparatus as in claim 2 wherein said optical 
js fibre includes an optical light conductor, an 

Inner layer (2) surrounding said conductor and 
an outer layer (4) surrounding said Inner layer 
to form a ventilation path (8) with said inner 
layer, said outer layer having a hole (9) There- 
20 through; 

said gas supply means comprises a gas 
feedetfsuetion means (6) for feeding dry gas to 
said path (B) via said hole; and further com- 
25 prises a gas pressure sensor (7) for monitoring 

the pressure of said gas in said path. 

12. An apparatus as in claim 11 wherein said cov- 
er includes a cylindrical attaching portion (14) 

so at said light emitting end for fixing said cover 
between said inner and outer layer and having 
a central opening through which said light con- 
ductor extends and a cap portion (15) covering 
the front end of said optical fibre. 

ss 

13. A method of transmitting light comprising the 
steps ot 

transmitting light through an optical fibre to a 
46 light emitting end; providing a forward end 

openabie/closabls protecting cover at said light 
emitting end i characterised by forming said 
cover of a shape memory alloy which stores a 
shape so as to open at a high temperature and 
4G close at a low temperature respectively in re- 

sponse to incidence of light and stopping of 
incidence light 

14. A method as in claim 13 further comprising the 
so step of feeding a gas ©long said fibre to said 

end to remove any matter from the vicinity of 
said light emitting end. 



7. 



An apparatus as in claim 1 wherein said cover 
is formed in a plurality of portions. 

An apparatus as in claim 5 or 6 wherein said 
portions do not extend beyond said light emit- 



15. A method as in claim 13 wherein said gas ie 
55 chosen from the group consisting of dry air, Ar 

ana N2. and has a relative humidity cquaJ to or 
less than 40%. 
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16- A method as in claim 13 wherein said gas is 
fed at a pressure between 1 ,01 and 1 .2 
kg/cm 2 . 

17, A method as in olairn 13 wherein said step of 
transmitting includes transmitting laser light. 

Fatontanspruche 

1, Eine LichtObertragung^vorrichtung, welch© urn- 
faflt: 

eine optische Fassr (1), welche ein Lichtemp- 
fangsende und ein Uchternissionsende auf- 
weist; und welche sins vordcrc Endschutzab- 
deckung (3). die zum 6ffnenArVr«chlie/5en an 
dem lichtemfttierenden Ende vargesehen ist, 
entnSlt, da durch geKennzelchnet, dafl die 
Abdeckung aus einer Formspeicherieglerung 
h6rgestellr ist, welche sine Form speicheri, urn 
50 bei 8lner hohen Ternperatur zu OTTnen und 
bel einer niedrigen Ternperatur zu schlieflen, 
wobei die Temperaturen in Reaktron auf den 
Etnfall von Licht bzw. die Sperrung von einfal- 
iQndem Licht erzeugt werden, 

2. Eine Vorrichtung nach Anspruch 1 . welche fer- 
ner eine Einrichtung (6) zum Zufuhren von Gas 
2u der Faser, so dajQ das Gas zu dem Mchte- 
rntttierenden Ende gefUhrt wird. urn Material 
aus seiner Umgebung zu entfernen, umfaflt. 

3. Eine Vorrichtung nach Anspruch 1, wobei die 
hintere OberflSche der Abdeckung rauh ge- 
macht ist, 

4. Eine Vorrichtung nach Anspruch 1, wobei die 
hintere Oberfl&che der Abdeckung schwarz ge- 
farbt ist 

5. Eine Vorrichtung nach Anspruch 1, wobei die 
Abdeckung aus wenigstens zwei Teilen gebil- 
det ist 

6. Eine Vorrichtung nach Anspruch 1, wobei die 
Abdeckung aus einer Viel2ahl von Teifen gebil- 
Odt ist, 

7- Eine Vorrichtung nach Anspruch 5 Oder 6, wo- 
bei sich die Teile nicht Liber das lichtemittie- 
renae Enae aer Faser ninaus erstrecken, wenn 
die Abdeckung geoffnet 1st 

8, Eine Vorrichtung nach Anspruch 1 , welche fer- 
n r einen Laser (5) zum ZutOhren des Hchts 
zu der Faser enthalt 



9- Eine vorrichtung nach Anspruch i, wobei di 
Faser eine Quarzfaser enthalt 

10. Eine Vorrichtung nach Anspruch 1, wobei die 
s Faser eine kristaJline Faser enthalt, die aus der 

aus Silberhalogenid. Thalliumhalogentd und Al- 
kalihalogenid bestehenden Gruppe ausgewahlt 
ist. 

10 11- Eine Vorrichtung nach Anspruch 2, wobei die 
optische Faser einen cptiechen Lichtleitar, eine 
don Letter umgebende innere Schicht (2) und 
oino die innere Schicht umgebende a u flare 
Schicht (4) onthalt, urn ©inon Ventilatlonsweg 

ia (8) mit der innoron Schicht zu bilden^ wobei 

die Suflcrc Schicht oino durchgehende Offnung 
(9) autweist; und 
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die GaszufUhrungseinricbtung cine 
Gaszufuhrungs/Saug einrichtung (6) zum Zufuh- 
ren von trockenem Gas zu dem Weg (fi) Ober 
die Offnung umfaflt, und ferner einen Gas- 
arucksensor (7) zum Oberwachen des Drucks 
des Gases in dem Weg umfaflt. 



12. Eine Vorrichtung nach Anspruch 11, wobei die 
Abdeckung einen zylindrischen anhattenden 
Tell (14) an dem lichiemittierenden Ende zum 
Befestigen aer Abdeckung zwischen der inne- 

30 ren und aufleren Schlcnt, welcher eine zentrale 
Offnung. durch welche sich der Uchtielter er- 
strackt. aufweist und ein Kappenteii (15), das 
das Frontende der optischen Faser abdeckt, 
enthSK. 

35 

13. Ein Verfahren zum Obertragen von Licht mit 
den Verfahrensschritten: 



Obertragen von Licht durch eine optische , Fa- 
ser zu einem lichtorn'rttierenden Ende; Voree- 
hen einer vorderen ofmungsVschlie/tfahigen 
EndschuUabdeckung an dem Hchtemlttieren- 
don Ende. gekennzeichnet durch Bilden der 
Abdeckung aus einer Formspeicherlegierung P 
welche eine Form apcichcrt, um so bci cincr 
hohen Ternperatur zu offnen und bei einer 
niedrigen Ternperatur, In Reaktion auf den Ein- 
fall von Ucht bzw. die Sperrung von Brrfalla- 
lichr. zu schlieflen. 



14. Ein Verfahren nach Ansprucn 13. welches fer- 
ner den Verfahrensschritt der ZufUhrung von 
Gas entlang der Faser zu dem Ende umfam. 
um irgendwelches Material aus der Umgebung 
66 das irchtemftrjerenden Endes zu entfernen, 

15- Ein Verranren nach Anspruch 13, wobei das 
Gas aus der aus trockener Luft Ar und N a 
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besfcehendon Grupp© ausgew&hlt ist und eine 
relative Feuchtigkeit gleich -oder geringer als 
40% aufweist 

16. Ein Verfahren nach Anspruch 13, wobei das 
Gas bel einem Druck zwischen 1.01 und 1,2 
kg/cm* zugefuhrt wird. 

17. ein Vsrtahren nach Anspruch 13, wobel der 
Schritt der Gbertragung die Ubertragung von 
Laseriicht enthait. 

Revendlcations 

1. Dispositif de transmission de lumiere compre- 
nant : 

une fibre optique (1) comportant une extrfi- 
mite de reception de lumiere et une extremity 
d'emission de iumfere : et incluant un couver- 
cle de protection d'extremite avant (3) pouvant 
s'ouvrlr/se fermer qui est pr£vu au niveau de 
ladite extremity d'emission de lumiere, carac- 
terie© en ce que ledit couvercle est realise en 
un alliage a memoire de forme qui memorise 
une forme de maniere a s'ouvrir a une Tempe- 
rature elevee et a se fermer I une temperature 
faibl© produites respeetivement en rgponse & * 
i'arrivee en incidence d'une lumiere et a I'arret 
do r arrive© en incidence d 1 une lumiere. 

2. Dispositif selon la revendication 1 f comprenant 
en outro un moyen (6) pour appliquer du gaz 
3ur ladite fibre de telle sort© que du ga2 soit 
applique a ladite ©xtremite demission de lu- 
miere pour 6tor tout© matiere de son voisina- 

3- Dispositif selon la revendication 1 , dans lequel 
la surface arrive dudit couvercle est rendue 
rugueuse. 

4. Dispositif selon la revendication 1, dans lequel 
la surface arriere dudit couvercle est peintc on 
noir. 

5. Dispositif selon la revindication 1 , dans lequel 
ledit couvercle est forme selon au moins deux 
parties. 

6. Dispositif selon la revendication 1. dans lequel 
ledit couvercle est forme selon une plurality oe 
parties. 

7. Diepositif selon la revendication 5 ou 6, dans 
lequel lesdites parties ne s'etendent pas au- 
dels de ladite ©xtremite d'emission de lumfere 
de ladite fibre lorsque ledit couvercle est ou- 

vert 



a. Dispositif selon la revendication 1 . incluant en 
outre un laser (5) pour appliquer ladite lumifcre 
sur ladite fibre- 

5 9, Dispositif 3elon la revendication 1, dans lequel 
ladite fibre inclut uno fibre en quartz, 

10. Dispositif selon la revendication 1, dans lequel 
ladite fibre Inclut une fibre cristalline choisi© 
dans le groupe qui comprend de I'halogenure 
d'argent. de Thalogenure de thallium et de 
I'halogSnure alcalin. 

11. Dispositif selon la revendication 2, dan3 lequel 
5 ladit© fibre inclut un conducteur de lumiere 

optique, une coucna interne (2) qui cntoure 
ledit conducteur et une coucne e>aerne (4) qui 
entoure ladite coucne interne pour tormer une 
voie de ventilation (8) avec ladite coucne inter- 
o ne, ladite coucne externe comportant un trou 
(9) qui la traverse ; 

ledit moyen d'application de gaz com- 
prend un moyen d'alimentation/aspiration de 
gaz (6) pour alimenter du gaz sec dans ladite 
!3 voic (B) via ledit trou ; et comprend en outre 

un capteur de pression de gaz (7) pour surveil- 
ler la pression dudit gaz dans ladite voie. 

12- Dispositif 3©lon la revendication 11, dans le- 
30 quel ledit couvercle inclut une partie de fixation 
cylindrique (14) au niveau d© ladite extremite 
admission de lumiere pour fixer ledit couver- 
cle entre ladite couche interne et ladite couch© 
externe, et comporte une ouverture centrale au 
35 travers de laquelle ledit conducteur do lumiere 

s'etend et une partie de bouchon (15) qui 
recouvre rextrgmite avant de ladite fibre opti- 
que, 

40 13. Precede de transmission de lumiere compre- 
nant les etapes de : 

transmission de la lumiere au travers d'une 
fibre optique jusqu'a une extremity d'Gmission 
de lumiere ; fournlture d'un couvercle de pro- 

45 taction pouvant s'ouvrir/sG fermer d'extrtSmitG 

avant au niveau d© ladite extr£mite d'emission 
de lumiere, caracterise par la formation dudit 
couvercle en un alii ago a memoire de forme 
qui memorise une forme de maniere a s'ouvrir 

so a une temperature eieve© et a se fermer a une 

tomperoturo faible respeetivement en rsponse 
a I'arrivee en incidence d'une lumiere et a 
1'arrSt de I'arrivee on incidence d'une lumiere. 

55 14. Precede scion la revendication 13, comprenant 
en outre I'etape d'alimcntation d'un gaz le long 
de ladite fibre Jusqu'e ladite ©xtremite afin 
d'Oter tout© matier© du voisinag© de ladite 
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extremite d'emission de lumtere- 

15. Precede selon la r v ndication 13, dans lequel 
ledit ga* est choisl parmi le groupe compre- 
nant de I'air sec, de 1'Ar et du N 2 et il pr^seote ' 6 
une humidite relative eg ale ou inferieure a 

1G. Precede scion la revendlcation 13, dans lequel 

ledit gas. est applique £ une pression qui se 10 
situ© ©ntre 1 ,01 et 1 ,2 kg/crn 2 - 

17. Procede selon la revindication 13, dans lequel 
laditc etopo do transmission inclut la transmis- 
sion d'unc lumi&rc lasor. is 
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